Sensitivity of SnO2 thin-film gas sensors which were fabricated by the dip-coating method was found to ex ponentially increase with the decrease in film thick ness. This could be ascribed to the substantial increase in the resistivity of the films in air with the decrease in the film thickness, accompanied by the decrease in the size of SnO2 crystallites.
Introduction
The sol-gel process or dip-coating method is a very 6 ). 3.2 The film thickness dependence of gas sen sitivity of SnO2 films The gas sensitivity of SnO2 films is strongly depen dent on the film thickness, as exhibited in Fig. 4 . Five to ten-nanometer films have very high sensitivi ty of more than 1000 for hydrogen (104ppm) and about 100 for 2-methyl-2-butene (2000ppm). Thick ness dependence of the resistivities in air and in test gas is shown in Fig. 5 , indicating that the former, that is Rair, is dependent on the film thickness while the latter, that is Rgas, is almost unchanging especial ly for hydrogen, regardless of thickness. Therefore, it can be easily concluded that the thickness depen dence of gas sensitivity is essentially ascribed to the resistivity variation with thickness in air, and thus thinner films have higher sensitivities. These results are in good accordance with those for ion-sputtered films, reported by Suzuki et al., 4)-6) leading to a con clusion that sol-gel SnO2 films behaved for gas sens ing in a very similar manner to the sputtered ones.
The fact that thinner films have larger resistivities can be explained by oxygen adsorption on the sur face of SnO2 films16) as described before. Here we must consider one further effect of the Schottky barrier which can be expected to exist be tween the electrode contacts and the films.17) Be cause the carrier concentrations of thinner films (and hence those composed of smaller grains) are substantially reduced by oxygen adsorption, the Schottky barriers will become higher and wider, fur ther increasing the resistivity in air. But the height and width of the barrier will be lowered when the film is brought into contact with flammable gases.17) The presence of the Schottky barrier can be confirmed by comparing the gas sensitivities meas ured using conventional two and four-terminal methods. The sensitivity obtained by the former method was generally larger than that by the latter method, and the ratios of the former sensitivity to the latter one vary from about 1.3 to more than 2, de pending on the thicknesses and resistivities of the films. Further details will be reported elsewhere.
3.3 Effects of substrate on the gas sensitivity In dip coating, film morphologies and/or size of the crystallites which comprise the film are strongly affected by the substrate used. Crystal growth on amorphous substrates such as glass plates seems to be much slower than on crystalline substrates. There fore thin films coated on glass plates are expected to consist of very small crystallites if they are crystal lized. On the other hand, a film coated on crystalline substrate is easily and completely crystallized by the epitaxial effect, especially when small misfits be tween the lattice constants of the film and substrate can be expected. Therefore the films coated on crys tallized substrates are expected to consist of large crystallites. Table 1 summarizes the effect of sub strates on the sensitivity of 10-nm SnO2 films coated on them to 2000ppm 2-methyl-2-butene diluted with air. Here, several substrates, for example, a native #7059 glass, glass plates coated in advance with a crystalline oxide film (30-50nm) by the dip-coating method and alumina single crystal, were examined to elucidate the effect of crystallite size on sensitivi ty. As clearly seen from 4. Conclusions (1) Sensitivity of SnO2 thin-film gas sensors which were fabricated by the dip-coating method was found to exponentially increase with decrease in film thickness.
(2) The crystallite size increased with the film thickness.
(3) In the films with the same thickness, the sen sitivity of the film coated on glass plate is higher than that of the film coated on crystallized substrates.
(4) Increase in the sensitivity with decrease in the film thickness could be ascribed mainly to the substantial increase in the resistivity of the films in air with the decrease in the film thickness, accompa nied by the decrease in the size of SnO2 crystallites.
(5) A Schottky barrier which existed between the gold electrode and the SnO2 film exerted some effect on the dependence of the sensitivity on the film thickness.
